Guided bone regeneration is a term used to describe the use of the barrier membranes to enhance complete osteogenesis by preventing the rapid ingrowth of fibroblasts into a bony defect and promoting the migration of osteogenic cells from adjacent bony edges or bone marrow into the defect in an unimpeded fashion. Hyaluronic acid (HA) is a glycosaminoglycan of the general formula (C14H22NO11)n and is an essential component of the extracellular matrix in connective tissue, which is found in abundance in the alveolar environment. The most important function of HA is its involvement in tissue healing and repair. It has been shown that HA stimulates cell proliferation, migration and angiogenesis, re-epithelialization and proliferation of basal keratinocytes and reduces collagen and scar tissue formation. This text presents our clinical experiences and outcomes following HA applications in various implant surgery procedures. According to our clinical outcomes, HA is a highly promising material for improving therapeutic outcomes for oral implantology.
Introduction
Loss of alveolar bone can result in secondary to periodontal diseases, periapical pathologies, maxillary sinus pneumatization or trauma to teeth and adjacent structures. Damage of the osseous structures during tooth extraction procedures may also result in bone loss of various types and severity. Sufficient alveolar bone volume and favorable architecture of the alveolar ridge are essential to obtain ideal functional and esthetic prosthetic reconstruction following implant therapy [1] . In order to overcome the problems related to osseous defects adjacent to implants and/or implant recipient sites, Dahlin and colleagues spearheaded early research on guided bone regeneration (GBR) techniques [2] [3] [4] . Herein, we present the technique.
Guided bone regeneration
GBR is a term used to describe the use of barrier membranes to enhance complete osteogenesis by preventing the rapid ingrowth of fibroblasts into a bony defect and promoting the migration of osteogenic cells from the adjacent bony edges or bone marrow into the defect in an unimpeded fashion [5] . Nowadays, various types of dental GBR materials have been developed, which can be grouped together as either non-resorbable or resorbable membranes.
Non-resorbable membranes
The first and recently mostly used commercial membrane was produced from Teflon® (e-PTFE). According to the results of various studies focusing on the efficacy of e-PTFE, predictable outcomes were observed, especially in ridge augmentation using it either alone or in combination with osseous grafting. However, membrane exposure, which permits a communication between the oral environment and newly forming tissues, increasing the potential for infection and decreasing the likelihood of regeneration, has been a frequent post-surgical complication associated with the use of non-resorbable membranes [6] . Moreover, nonresorbable membranes must be retrieved by employing a second surgical procedure [7] .
Resorbable membranes
There are mainly three types of biologically resorbable membranes: (1) polyglycoside synthetic copolymers, (2) collagen and (3) calcium sulfate.
Collagen is the principal component of connective tissue and provides structural support for them. Collagen membranes are the most widely used resorbable membranes in implant surgery. They have various advantages such as hemostasis, chemotaxis, biotolerability, bioresorbtion, slow absorbtion and ease of manipulation compared to e-PTFE.
Hyaluronic acid (HA) is a glycosaminoglycan with a chemical formula (C14H22NO11)n and also found in abundance in the connective tissues of maxillary and mandibular tooth bearing areas [8] . HA is particularly dense in the superficial layers of the buccal mucosa where it contributes to the epithelial barrier effect, at the same time enhancing both the stability and the elasticity of the peripheral connective tissue.
The most important function of HA is its involvement in tissue healing and repair [9, 10] . In the literature, it has been shown that HA stimulates cell proliferation, migration and angio-genesis, re-epithelialization and proliferation of basal keratinocytes and reduces collagen and scar tissue formation [11, 12] .
In covalently cross-linked condition, HA forms a hydrophilic polymer network which may absorb its dry weight in water a multiple of times [13] . This lubricious property combined with its biocompatibility has led to different medical applications of HA in dermatology, ophthalmology, orthopedics, plastic surgery, and more recently, implantology, in order to benefit from its properties against inflammation and infection together with its capacity to promote wound healing.
Owing to that, HA is used as an effective medication for treatment of recurrent aphthous ulcers [14] , as an adjuvant treatment for gingivitis [15] , to enhance healing of tooth extraction socket [16] and interdental papillae reconstruction [17] . More recently, cross-linked HA products were used as gel barriers to cover the osseous defects around the implants and implant recipient sites and thereby promoting GBR. Claar performed a lateral coverage of the augmentation followed by use of cross-linked HA in gel form, which was developed especially for GBR [18] .
The principles of GBR applications are as follows [19, 20] :
Cell exclusion: Crating a barrier to prevent forming fibrous connective tissue by epithelial cells.
Tenting: New wound space beneath the membrane must be regenerated solely from around soft tissues so that high quality of new tissue can be gained.
Scaffolding: At first, a fibrin clot is seen in this space which is a scaffold for progenitor cells. Adjacent hard tissues serve as a storage for stem cells.
Stabilization: To gain successful healing, the defective area must be protected from environmental effects such as flap movement, bacterial invasion, exposure of region, etc. by fixing the membrane into position.
It is well known that HA is a biodegradable, biocompatible, non-toxic, non-immunogenic and non-inflammatory linear polysaccharide. These properties demonstrate the superiority of HA by providing high biocompatibility and tissue integrity as a barrier membrane.
As mentioned above, the placement and stabilization of the membrane play a key role in the success of GBR. Therefore, the surgeon's skill and experience are of great importance. In addition, the need for removal of the mini bone screws placed for the stabilization of the membrane during implant insertion surgery necessitates a larger flap design and excessive exposure of the surgical field, especially in lateral sinus elevation procedures. Claar [18] has also proclaimed that, because of its high viscosity, HA is readily applicable and has high positional stability.
Marinucci et al. [21] evaluated the effects of bioabsorbable and non-resorbable membranes on human osteoblast activity in vitro. Human osteoblasts were cultured on bioabsorbable membranes made of collagen, HA, and poly DL-lactide, and e-PTFE. The results showed that collagen and HA increased secretion of TGF-β1, a growth factor involved in bone remodeling. It may be concluded that bioabsorbable membranes, particularly collagen and HA, can promote bone regeneration through their effects on osteoblasts. Besides that, HA and bioabsorbable membranes significantly increased collagen synthesis and alkaline phosphatase activity.
Membranes must remain in place until cells capable of regeneration are established at the wound site. Blumenthal [22] showed that collagen membranes cross-linked with formaldehyde can last 6 to 8 weeks before being absorbed, whereas non-cross-linked membranes lose their structural integrity in 7 days. HA gel in cross-linked form can last up to 3-4 weeks in the surgical field, which could be accepted as an appropriate term for enhancement of osteopromotion. HA is a highly promising material for improving therapeutic outcomes in dental implantology.
The aim of this section is to present clinical outcomes following HA applications in different implant surgery procedures.
Technique

Bone defects around dental implants
A 43-year-old healthy male patient admitted to our department due to the loss of his upper left lateral incisor was assessed. According to his history, the tooth was extracted 4 months ago following an unsuccessful endodontic treatment. A computerized tomography revealed the presence of a bone defect located adjacent to the missing tooth (Figure 1) . After consultations with the prosthodontist, it was decided to insert an implant into the corresponding area. Under local anesthesia, a full thickness flap was raised and the bone defect and the implant recipient site were exposed. The granulation tissue were thoroughly curetted and the defect became more apparent (Figure 2) . Figure 2 . The remaining granulation tissues were thoroughly curetted and the defect became more apparent.
The implant site was prepared. A 3.4 × 11 mm implant (Bone Trust, Medical Instinct Zahn Implantate, Bovenden, Germany) was placed (Figure 3) . The defect was grafted by using bioactive glass material (Leonardo, Naturelize, Hirschberg, Germany) mixed with non-cross-linked HA (Tissue Support Hyaluronic Acid Liquid Gel, Hyadent Bioscience GmbH, Ransbach-Baumbach, Germany) (Figure 4) . The surgical field was covered by using cross-linked HA gel to avoid epithelial ingrowth to the grafted area. After closure of the surgical field with 4/0 silk sutures, the remaining crosslinked HA gel (Flex Barrier Hyaluronic Acid Gel, Hyadent Bioscience Gmbh, Ransbach-Baumbach, Germany) was injected into the surgical field in order to obtain a more predictable soft tissue profile and benefit from antibacterial properties of the material (Figure 5 ). Four months after implant placement (Figure 6) , an ideal implant-bone contact was observed and the implant was functionally loaded. The patient was functionally and esthetically satisfied. 
Immediate post-extraction implant placement
A 34-year-old healthy female patient was admitted following the fracture of her upper left second premolar. On the clinical and radiographical examination, it was observed that upper left first and second premolars were unrestorable (Figure 7) . Guided Bone Regeneration Technique Using Hyaluronic Acid in Oral Implantology http://dx.doi.org/10.5772/63101 349
After consultation with the department of prosthodontics, it was decided to extract both teeth and to place implants simultaneously. Under local anesthesia, a full thickness flap was raised, both teeth were extracted (Figure 8 ) and two 5 × 11 mm Bone Trust implants (Bone Trust, Medical Instinct Zahn Implantate, Bovenden, Germany) were placed (Figure 9 ). A gap was observed between the implant and the extraction socket, and these defects were grafted by using bioactive glass material (Leonardo, Naturelize, Hirschberg, Germany) mixed with non-cross-linked HA gel (Tissue Support Hyaluronic Acid Liqui Gel, Hyadent Bioscience Gmbh, Ransbach-Baumbach, Germany) (Figure 10 ). A cross-linked HA gel (Flex Barrier Hyaluronic Acid Gel, Hyadent Bioscience Gmbh, Ransbach-Baumbach, Germany) was injected over the implants and the graft material. Three months after implant placement (Figure 11) , the implant was functionally loaded. The patient was satisfied both esthetically and functionally (Figure 12 ). Figure 11 . Three months after implant placement, an ideal implant-bone contact was observed.
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Sinus bone grafting
A 44-year-old healthy female patient presented to our department and requested a fixed prosthesis of the right maxillary posterior region. The teeth had to be removed at another clinic as a result of failed endodontic procedures. Clinical and radiological examinations showed the lack of an adequate vertical bone, but sufficient width of the alveolar ridge. Given that the residual vertical bone height was ≤3 mm (Figure 13) , we planned to insert the implants following the sinus floor augmentation procedure. Figure 13 . Preoperative radiological view.
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A trapezoid incision was made under local anesthesia to reflect a mucoperiosteal flap. The vestibular portion of the maxillary sinus was exposed, a maxillary sinus window was prepared and the sinus membrane was elevated. The sinus cavity was augmented with a bioactive glass bone graft material (Leonardo, Naturelize, Hirschberg, Germany), which we had mixed with non-cross-linked HA (Tissue Support Hyaluronic Acid Liqui Gel, Hyadent Bioscience Gmbh, Ransbach-Baumbach, Germany) extra-orally (Figure 14) , and the lateral coverage of the augmentation site was made by using cross-linked HA gel (Flex Barrier Hyaluronic Acid Gel, Hyadent Bioscience Gmbh, Ransbach-Baumbach, Germany) (Figure 15 ). On radiographic examination 5 months postoperatively, particulated structure of the graft material was not seen and radio-opaque structure resembling the newly formed bone was observed (Figure 16 ). Figure 16 . On the radiographic examination 5 months postoperatively, radio-opaque structure resembling the newly formed bone was observed.
Two implants (Oxy Biomec SRL, Colico, Italy) of 4, 5 × 10 mm were placed (Figure 17) . The implants were surgically exposed and the prosthetic procedures were performed.
Covering of the autologous bone graft recipient sites (as a barrier membrane)
A 54-year-old female patient was admitted due to the difficulties in eating secondary to edentulousim of her lower left posterior mandible. According to her medical history, she was under steroid therapy due to lupus erythematosus. Clinically and radiographically, the corresponding area was extremely thin and it was decided to perform a ramas grafting procedure prior to implant placement. Under local anesthesia, a full thickness flap was raised, the recipient site and the ramus area were exposed, a bone block of 10 × 15 mm was harvested by using piezotome (Variosurg, NSK, Japan). Decortication of the recipient site was made by using round burr and the bone block was adapted and secured via three titanium screws. In order to avoid soft tissue ingrowth into the existing minimal gap between the bone block and the alveolar bone, the entire surface of the bone block was covered with cross-linked HA gel (Flex Barrier Hyaluronic Acid Gel, Hyadent Bioscience Gmbh, Ransbach-Baumbach, Germany) (Figure 18 ). Figure 18 . In order to avoid soft tissue ingrowth into the existing minimal gap between the bone block and the alveolar bone, the entire surface of the bone block was covered with cross-linked HA gel.
The postoperative period was uneventful. Three months postoperatively, radiological examination showed successful healing at the grafted site (Figure 19) and two implants were inserted into the grafted site (Figure 20) . Figure 19 . Three months postoperatively, radiological examination showed successful healing at the grafted site.
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Ridge splitting
A 44-year-old female patient was admitted due to the difficulties in eating. Clinically and radiographically, her left posterior mandible area was extremely thin and it was decided to perform a ridge splitting procedure prior to implant placement (Figure 21) . Figure 21 . Radiographically, the corresponding area was extremely thin.
A Textbook of Advanced Oral and Maxillofacial Surgery Volume 3 356 Under local anesthesia, a full thickness flap was raised, the recipient site and the ramus area were exposed, the alveolar ridge was decorticated and then splitted via osteotomes (Figure 22) . Figure 22 . The alveolar ridge was split via osteotomes.
A bone spreader was used to prepare the implant sockets (Figure 23) . Guided Bone Regeneration Technique Using Hyaluronic Acid in Oral Implantology http://dx.doi.org/10.5772/63101 357 Two implants (Bone Trust, Medical Instinct Zahn Implantate, Bovenden, Germany) were inserted into the grafted area (Figure 24) . Figure 24 . Two implants (Bone Trust, Medical Instinct Zahn Implantate, Bovenden, Germany) were inserted into the grafted area.
The gap between the splitted fragments were grafted with bioactive glass bone graft material (Leonardo, Naturelize, Hirschberg, Germany), which we had mixed with non-cross-linked HA (Tissue Support Hyaluronic Acid Liqui Gel, Hyadent Bioscience Gmbh, Ransbach-Baumbach, Germany) (Figure 25) . Figure 25 . The gap between the splitted fragments were grafted with bioactive glass bone graft material (Leonardo, Naturelize, Hirschberg, Germany), which we had mixed with non-cross-linked hyaluronic acid (Tissue Support Hyaluronic Acid Liqui Gel, Hyadent Bioscience Gmbh, Ransbach-Baumbach, Germany).
In order to avoid soft tissue ingrowth into the existing minimal gap between the bone block and the alveolar bone, the entire surface of the splitted area was covered with cross-linked HA gel (Flex Barrier Hyaluronic Acid Gel, Hyadent Bioscience Gmbh, Ransbach-Baumbach, Germany) (Figure 26) . The postoperative period was uneventful. Figure 26 . In order to avoid soft tissue ingrowth into the existing minimal gap between the bone block and the alveolar bone, the entire surface of the splitted area was covered with cross-linked HA gel (Flex Barrier Hyaluronic Acid Gel, Hyadent Bioscience Gmbh, Ransbach-Baumbach, Germany) before and after primary closure.
Filling of the bone defects following removal of oral lesions
A 64-year-old male patient was admitted due to swelling of his upper edentulous right maxilla. Radiographically, a radio-opacity resembling a residual root tip surrounded by a radiolucency was observed (Figure 27) . Figure 27 . A radio-opacity resembling a residual root tip surrounded by a radiolucency.
Guided Bone Regeneration Technique Using Hyaluronic Acid in Oral Implantology http://dx.doi.org/10.5772/63101 359 Under local anesthesia, a full thickness flap was raised, the corresponding area was exposed (Figure 28 ) and the cyst was curetted. The cavity was filled with a bioactive glass bone graft material (Leonardo, Naturelize, Hirschberg, Germany), which we had mixed with non-cross-linked HA (Tissue Support Hyaluronic Acid Liqui Gel, Hyadent Bioscience Gmbh, Ransbach-Baumbach, Germany) extraorally and the lateral coverage of the augmentation site was made by using cross-linked HA gel (Flex Barrier Hyaluronic Acid Gel, Hyadent Bioscience Gmbh, Ransbach-Baumbach, Germany). On the radiographic examination 2 months postoperatively, particulated structure of the graft material and radio-opaque structure resembling the newly formed bone were observed (Figure 29) . Figure 29 . Two months postoperatively, radiological examination showed successful healing and particulated structure of the bone graft material.
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The patient underwent implant surgery 3 months after cyst removal (Figure 30) . Two implants (Oxy Biomec SRL, Colico, Italy) were placed into the grafted site. As can be seen from our clinical outcomes, HA is a highly promising material for improving therapeutic outcomes for oral implantology.
